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Abstract 
 
The Bandon Marsh is a large marsh restoration project located in southwest 
Oregon. The land has been previously used for dairy farms and much of the marsh was 
used for cattle grazing. The goal of the restoration is to recreate a natural habitat for 
shorebirds and fish. The purpose of this thesis is to gather and analyze data on the 
geology of the marsh and both ground and surface water quality to evaluate its ability to 
support biology.  
The US Fish and Wildlife Service began restoration on the Bandon marsh in 
2005. Research on the Ni-les’tun Unit began in that same year with Geoprobe coring, 
Ground Penetrating Radar (GPR), piezometer well installation, and surface water 
analysis. Twelve cores were taken with the Geoprobe in 2006 and later analyzed for this 
thesis. A total of 50 GPR lines were run across the marsh ranging from ~25 m to 1,200 m 
in length for a total of about 9,700 meters (9.7 km). The ten piezometer wells were 
sampled to collect groundwater pH, oxidation-reduction potential, salinity, temperature, 
and well water elevation. Twelve channel sampling sites were chosen to be sampled in 
three field runs taking place in winter 2011, summer 2011, and winter 2012. The summer 
2011 and winter 2012 sampling runs were done after tide gates had been removed from 
the marsh.  
The Geoprobe core samples were retrieved for extensive lab analysis. Analyses 
included; bulk density, porosity, permeability, and grain size studies. Lab results revealed 
a low permeability fine grained upper sedimentary unit ranging from ~0.5 to ~2.5 meters 
depth with a coarser grained higher permeability lower unit. GPR lines were analyzed for 
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groundwater surface depths and buried channel cut and fill features (Peterson et. al., 
2004). GPR results showed a fairly shallow groundwater surface around 0.5 meters in the 
north down to 2.0 meters in the south.  
The piezometer wells showed a seasonal variation in well water elevation with 
higher elevations in the winter and lower in the summer. Well water chemistry showed 
both seasonal and spatial variations. Values for pH and dissolved oxygen were lower in 
the north side of the marsh and higher in the south side, and pH was higher in the summer 
than in the winter. Wells that were more proximal (within ~400 m) to the Coquille River 
Estuary showed higher conductivity (salinity) values than those that were more distal 
(greater than ~400 m).  
Channel sampling results showed similar trends as the groundwater results. The 
lower pH values tended to be in the north side of the marsh as well as lower dissolved 
oxygen values. Again, there was a spatial variability in conductivity with the higher 
values found closer to the Coquille River. Conductivity in the channel water showed a 
great seasonal variability with the highest values occurring in the summer time and much 
lower values in the winter. As expected, channel water increased about 10 °C on average 
from winter to summer.  
The results of all of these observations and analyses are combined to put together 
a generalized flow model showing the different water inputs into the channel waters on 
the Ni-les’tun Unit. Once these inputs were derived, conclusions can be made on the 
quality of the water and its ability to support small aquatic life.  
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Introduction 
 
 
 This study is a characterization of the shallow subsurface hydrology of the Ni-
les’tun Unit of Bandon Marsh National Wildlife Refuge in Bandon, Oregon, USA (Figure 
1). This project has been coordinated with US Fish and Wildlife Service staff (Refuge 
Manager Dave Ledig and Refuge Biologist Bill Bridgeland) to provide information on 
channel water conditions relevant to juvenile salmon survival. The marsh restoration 
project began in 2005 with a goal of returning unrestricted tidal influence to the marsh 
and therefore improving bird and fish habitat. Marshes with a freshwater-saltwater 
gradient provide important nurseries for fish and breeding/feeding grounds for many 
species of marsh and shore birds (Beyen and Meire, 2003; Odum, 1988). The marsh was 
previously used for dairy and cattle grazing until July 2009. Since the settlement of the 
Oregon coast, it is estimated that 80% of salt marshes have been lost due to diking and 
tidegate installation for conversion into pasture (Frenkel et al., 1981). 
The main goal of the marsh restoration project was to provide habitat for certain 
fish and bird species, some of which are protected or endangered. Monitoring of the 
evolution of the marsh is vital in gauging the success of the restoration relative to biology 
(Gray et. al., 2002). In order to accurately monitor the evolution of the marsh, 
understanding the water quality and geohydrology of the marsh is important as it lends 
insight on how species will be accommodated within the water channels. To understand 
these parameters this study utilizes previously collected Ground Penetrating Radar (GPR) 
profiles, water chemistry and water level data from piezometers and soil cores, together 
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with seasonal water chemistry analyses of recently constructed marsh channels.  The 
channel water has been seasonally measured for conductivity, dissolved oxygen, 
temperature, pH, and oxidation reduction potential to test its possible relations to 
groundwater influence in the newly restored marsh system.  
 This research is a synthesis and analysis of both data collected prior to this project 
and data collected during the final phases of restoration.  In 2006 and 2007, Curt 
Peterson, Harry Jol, John Baham, and David Percy 1) conducted a ground penetrating 
radar (GPR) study on the marsh, 2) assisted US Fish and Wildlife with soil geoprobe 
Figure 1. The Bandon Marsh is located in southwest Oregon 
approximately 2.5 km or 1.5 miles inland from the coast on the 
Coquille River.   
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testing, and 3) assisted with an archaeological survey of the area. Piezometer wells were 
also installed at this time and were monitored throughout the next few years for shallow 
groundwater chemistry. The Geoprobe soil core samples that were collected in 2006 were 
made available to this author for further testing of the subsurface hydrologic units. The 
final piezometer well data for the groundwater hydrogeochemistry of the marsh area were 
collected in 2008 by Katelin Alldritt (PSU undergraduate), and these data were analyzed 
for the first time in this study. In 2010 approximately eight kilometers (five miles) of 
sinuous tidal channels were excavated in the marsh, replacing a similar length of straight 
drainage ditches that were filled (personal comm. with Bill Bridgeland and Dave Ledig, 
Nov. 2010). The final phase of the restoration of this marsh in the summer of 2011 
involved the removal of the dikes and tide gates along the Coquille River allowing full 
tidal access to the marsh, through the constructed channels and by seasonal flooding over 
the Coquille River bank. The resulting changes in the hydrologic and salinity regimes 
were expected to restore the functions of the tidal marsh, including substantially 
improved habitat for juvenile salmon, shorebirds, and waterfowl (Ritter et. al., 2008; 
Portnoy, 1999). 
  This study’s goal is to characterize the shallow geohydrology of the Ni-les’tun 
Unit. This includes identifying the geohydrologic units in the marsh and their controls 
over the shallow groundwater. Through analysis of water quality data it can be 
determined whether the source of the groundwater is surface water (meteoric), river water 
(Coquille estuary), and/or hillslope subsurface inputs. Furthermore, the water quality 
parameters are used to establish whether the channel water is dominated by inputs from 
the surface water sources or groundwater. All of these inputs will be synthesized into a 
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conceptual flow model for the marsh showing different inputs into channel water and 
groundwater movement.  
The characterization of the marsh geohydrology provides constraints on what can 
be expected to occur in the marsh as it returns to an undiked and rechannelized state. The 
study results will be used by the US Fish and Wildlife Service to develop management 
and public outreach projects for the marsh. These results may also be utilized beyond the 
Bandon Marsh project as a framework for what may be expected in similar restoration 
efforts in coastal areas.  
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Background and Previous Work 
 
The Bandon Marsh National Wildlife Refuge is located in western Coos County 
along Highway 101 about 2.5 km (1.5 miles) inland from the Pacific Ocean and about 8 
km (5 miles) from the town of Bandon. The marsh covers 3.6 square kilometers (889 
acres) and is composed of two units, the Bandon Marsh Unit and the Ni-les’tun Unit 
(http://www.fws.gov/oregoncoast/bandonmarsh/). The Ni-les’tun Unit is a supratidal 
marsh or flood plain wetland that is developed on top of Quaternary alluvium deposits 
from the Coquille River. It is bounded on the north by Late Pleistocene dune deposits that 
overlie Quaternary terrace deposits and on the west by Holocene dune deposits (Cooper, 
1958; Beaulieu, 1975; Peterson et al., 2006; Peterson et al., 2007) (Figures 3 and 4). 
This study takes place on the Ni-les’tun Unit on the north side of the Coquille 
River (Figure 2). For this thesis the ends of the Ni-les’tun Unit will be defined as north 
and south, and the sides will be west and east. However, the Coquille River angles from 
southwest to northeast along the east end of the marsh, so the up– river portion of the Ni-
les’tun Unit is referred to as the northeast part of the marsh. 
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Figure 2. The study was conducted on the Ni-les'tun Unit located to the northeast of 
the Bandon Marsh Unit and east of Highway 101. 
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Figure 3. Map of Quaternary deposits in Bandon area (Peterson et al. 2006). Ni-
les’tun Unit is bordered to the north by Quaternary terrace deposits which are 
overlain by eolian dune sheets. 
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Figure 4. Summary map of dune deposits and dune sheet profile sites in the Bandon 
area (Peterson et al., 2006). Ni-les’tun Unit is bordered to the northwest by Holocene 
dunes and to the north and northeast by Pleistocene dune deposits. 
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The marsh soils are composed of muds, clays, and fine grained sands (unpublished 
Geoprobe data, 2006). The shallow subsurface may have undergone compaction from 
cattle grazing, oxidation, and seasonal dehydration prior to its recent restoration (Figure 
5).  
 
Figure 5. Photo of unrestored marsh in center of Ni-les’tun Unit, view is to the east. 
Photo was taken September 9, 2005. 
 
Current surface elevations for the marsh (2.0 to 6.6 m NAVD88) are provided by LIDAR 
(US Fish and Wildlife Service data sets).  The NAVD88 datum is approximately +0.15 m 
relative to mean lower low water or -1.10 m relative to mean tidal level (MTL) in the 
lower Coquille estuary study area (tidesandcurrents.noaa.gov, 2012). 
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Figure 6. Ni-les’tun Unit in spring during latest period of cattle grazing (circa early 
2000s). North-south trending drainage ditches cross the remnant tidal creek. Some 
surface water ponding is seen at the northern side of the marsh, near the Fahy 
Creek tributary head marsh. Groundwater from the northern dune sheets (red 
cranberry fields) and Chrome Lake discharges into Fahy Creek, which itself enters 
the northwestern part of the Ni-les’tun Unit. Photo from U.S. Fish and Wildlife 
archives. 
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Figure 7. Ni-les’tun Unit during winter flood during latest period of cattle grazing 
(circa early 2000s). Photo from U.S. Fish and Wildlife archives. 
 
The following is a quick summary of the timeline of restoration of the marsh and a brief 
description of the activity. 
July 2009 : Removal of livestock and fences. As mentioned above, the marsh was 
previously used for cattle grazing for a nearby dairy farm. The first step of the restoration 
process was to remove the cattle from the land and the fences that were built by the dairy 
farmer.  
September 2005 : Ground Penetrating Radar survey. The GPR survey was conducted to 
gain insight into the geology, biology, and archaeological resources on the marsh. GPR 
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shows significant breaks in lithology and more importantly the ground water surface, 
discussed in detail in Methods.   
November 2005 : Geoprobe coring. Geoprobe coring was completed as a field check for 
the results from GPR and a more accurate assessment of the subsurface geology. The 
cores were used for quantitative analysis of hydrogeologic units, and potential buried 
archaeological or cultural resources 
July-August 2010 : Fill in field drainage ditches. Drainage ditches were dug for removal 
of tidal and floodwater from the grazing pasture.  
August 2009 – August 2011: Construct new channels (Figure 8). The US Fish and 
Wildlife constructed new channels in the marsh as fish habitat. These channels were dug 
based on GPR results on where ancient channels once existed.  
August 2011 : Removal of tide gates. Tide gates existed on the marsh to keep the pasture 
from flooding during high tide and protect the cattle. In order to restore it to a supra-tidal 
system these gates had to be removed so water could freely flood the marsh.  
2011 and on : Monitor marsh recovery process. Observation of biology and data 
collection in channels on the marsh is ongoing.  
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Figure 8. Both pre-existing (Fahy and Redd Creek) channels and modern cut 
channels. Created channels were cut from summer 2009 to summer 2011. 
 
 
 
 
 
 
 
 
 
 
Fahy Creek 
Redd Creek 
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Methods 
 
 This project utilized existing, but unanalyzed, geohydrology data from 1) GPR 
surveys, 2) Geoprobe coring logs, and 3) piezometers (Appendix 1). None of the 
geohydrology data has been published. Only the GPR profiles had been analyzed for the 
U.S. Fish and Wildlife Service, but the survey results were not incorporated into a 
hydrogeologic model of the marsh system. The Geoprobe cores were sampled and logged 
following field work in 2006, but none of the samples had been analyzed for 
geohydrologic properties (see further details below). Piezometer well water data was 
sampled and analyzed in the field for salinity, pH, temperature, and redox conditions 
during a summer and winter sampling periods in 2005 and 2006. These data were not 
compiled or analyzed prior to this thesis project (see further details below). Groundwater 
levels were measured in the piezometers over the course of several seasons by the U.S. 
Fish and Wildlife Service (Amy Kocourek, unpublished data, 2005 and 2006). These 
unpublished data are presented, compared, and analyzed in this thesis. 
 The water quality measurements were collected in the groundwater and channel 
water with two goals in mind. The first goal was to simply measure whether or not the 
water provided a suitable habitat for juvenile fish based on their biological needs (pH 
regime, dissolved oxygen, temperature, salinity, etc.). The channel water quality will 
ultimately impact aquatic life in the channels (Meyer and Posey, 2009). The second goal 
was to check for both spatial and temporal trends in the marsh. The pH of the channel 
water may change due to different inputs during a dry or rainy season. The temperature 
will show what the source of the channel water is as surface water is more affected by 
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temperature changes when groundwater temperature is more constant. Salinity 
measurements are another good proxy for channel water sources as the marsh is located 
very near the ocean and tidal influences can be observed. Another use of the salinity 
measurement is to monitor the extent of seawater intrusion by analyzing the salinity of 
the piezometer well water across the expanse of the marsh (Balugani and Antonellini, 
2010).  
As part of this thesis study, field-based water quality measurments were also 
collected in the constructed channels and surface water bodies (see further details below) 
using Vernier LabQuest sensor equipment (Vernier Inc., 2011). Finally, core logs, 
groundwater  and surface water parameters were integrated to produce a conceptual flow 
model for the Ni-les’tun Unit. 
 
GROUND PENETRATING RADAR 
 
GPR profiling in the study area was conducted to establish the presence and depth 
of any buried historic channels and/or shallow prehistoric tidal channels in the altered 
flood plain marsh. A Pulse EKKO 100A was attached to a trailer behind an ATV (Figure 
9). The Pulse EKKO system was equipped with a 100 MHz antenna and a 1000v 
transmitter (Appendix 2). Profiles were run with antennae on handles (0.5 m step 
spacing) or with cart/odometer wheel (0.25 m spacing). Maximum penetration was taken 
from the lowest subsurface reflections, assuming a 0.07 m/ns signal speed for water–
saturated muddy sand (see core logs and piezometer data in Results Section below).  
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Figure 9. Towing GPR system behind an ATV across the Ni-les’tun Unit. Positions 
were collected by GPS Trimble (endpoint accuracy +/- 5 m). Odometer wheel 
distance recordings were taken at 0.5 m intervals (David. Percy, unpublished data, 
2005). 
 
Using the 100 MHz antenna a depth resolution is assumed to be 0.5 ± 0.25 m (Jol and 
Bristrow, 2003). Depths of identified reflections are rounded to the nearest 0.5 m. Tidal 
creek/channel features were identified by paired inclined reflections (brackets) 
representing cut and fill features. The start and end of these features were based on the 
start and end of the opposing reflections in the GPR profiles, which could have crossed 
the channel forms obliquely.  Therefore the widths of the channel forms recorded in the 
GPR profiles are maximum values, including both channel migration and oblique angles 
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of crossing. The channels are assumed to be narrower than the subsurface features 
imaged by the GPR. The depths of the channel features are assumed to be representative 
of the depths of the channels during cut and fill deposition. Channel depths are taken 
from the basal truncating reflection to flat overlying reflections that mantle the channel 
form cut and fill reflections. The channel depths recorded in the GPR profiles represent 
the vertical offset from the channel thalweg to the surrounding flood plain surface. The 
groundwater surface reflection was taken as the shallowest reverse polarity signal that 
cuts inclined reflections. The depth to groundwater surface is measured from the present 
flood plain surface to the groundwater surface, estimated to the nearest 0.5 m distance. 
Groundwater surface depths were used to construct and install piezometer wells in the 
study area (see details on Piezometer well installations below).  
 A total of approximately 9,700 meters (9.7 kilometers) of GPR lines (n= about 50 
lines) were run across the marsh, running either east-west or north-south. The GPR lines 
or profiles, ranged from ~25 m to ~1200 m in length per individual line. The profile data 
were analyzed to map groundwater surface elevations and paleo–channel cut and fill 
features across the extent of the Ni–Les-tun study area marsh. After the GPR profiles 
were collected the profile data were ground-truthed by shallow gouge coring to 1.5–3 m 
depth at 18 sites.  
GEOPROBE 
 
Geoprobe testing of the study area floodplain soils was conducted to establish the 
depth of artificial fill (if any), quantitative analysis of hydrogeologic units, and potential 
buried archaeological or cultural resources (Figure 10, Appendix 3). Analyses of the 
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archaeology geoprobe samples have been reported in Tveskov et al. (2006). The 
geoprobe cores were logged to establish deeper sediment facies trends that developed as 
the Li–Nes’tun site transitioned from tidal flat to flood plain settings, as would be 
expected from standard estuary depositional sequences (Dalrymple et al., 1992).  
 
Figure 10. Geoprobe at Blue Barn site (Geoprobe hole #) at the north east end of the 
Ni-les’tun Unit. This geoprobe model takes 1.5 m long core sections of 2.54 cm 
diameter. Each 1.5 m drive core sample is stored in stiff plastic core liners, which 
are sealed at both ends, for transport to a temperature controlled storage facility. 
 
To understand the shallow subsurface geology of the Ni-les’tun Unit the 
Geoprobe cores were collected in representative north–south and west–east traverses 
across the Li–Nes’tun marsh (Figure 11). The position and depths of the Geoprobe 
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borings were based, in part, on the previously collected GPR profiles and gouge cores. 
Twelve Geoprobe cores were collected in the Ni-les’tun marsh at depths ranging from 
four to fifteen meters subsurface. The geoprobe cores were taken in plastic liners, and 
sealed at the ends prior to archival under constant low temperature and constant humidity 
at the Oregon State University Core Lab, Corvallis, Oregon.  
 
Figure 11. Example of the locations of some of the GPR, piezometer, and Geoprobe 
core sites. Map shows only 4 of the 50 GPR lines ran and 3 of the 12 Geoprobe sites. 
Examples of GPS locations of GPR line endpoints and the geoprobe drill  and the 
piezometger well sites are given in (Table 1). The UTM positions of all GPR lines, 
gouge core sites, geoprobe drill sites, and piezometer sampling site are listed in 
Electronic Appendix 1: sample sites. 
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Table 1. Example position coordinates for GPR lines, geoprobe borings, and 
piezometer wells in the Li–Nes’tun marsh unit. 
      
          
 
Site 
UTM - 
Northing 
UTM - 
Easting 
Elevation 
(m) NAVD 88  
Geoprobe 2 4778099 387600 2.13  
Geoprobe 3 4778210 387839 2.27  
Geoprobe 4 4778676 387719 2.26  
GPR 17 start 4778526 387352 -  
GPR 17 end 4778531 387504 -  
GPR 34 start 4779076 387909 -  
GPR 34 end 4778514 387899 -  
GPR 35 start  4778557 387895 -  
GPR 35 end 4778557 387766 -  
Piezometer 1 4778912 387119 3.31  
Piezometer 2 4778518 387154 2.38  
Piezometer 3 4778983 387398 2.33  
      
See complete list of all sample site positions used in this thesis in Appendix 1: sample sites. 
 
 The unconsolidated geoprobe core samples were prepared for photography, 
analyses of remolded bulk density, grain size fractions, remolded porosity,and remolded 
permeabililty (Figure 12). Due to the high sand content in most of the deeper core 
sections, the constant head permeameter testing method (ASTM D2434-68) was chosen 
to establish the permeability (hydraulic conductivity) of the soils. Due to low 
permeabilithy in the silty soils the constant head testing method provided only maximum 
limits of hydraulic conductivity in muddy hydrologic units. 
 
  
21 
 
 
Figure 12. Geoprobe 1.5 m core sections (top to bottom) including E, D, C, B, and A. 
Upcore is to photo left. Different core section lengths result from variable 
compaction, rodding, and recovery during pull-out. Core section lengths are 
measured from the base of each 1.5 drive, as logged in the field. Lithology in the 
geoprobe site #2 grades from sand in basal deposits (sections E and D) to gray sandy 
silt (sections Cand B) to brown silt (section A). 
 
 Each geoprobe sample was remolded or lightly compressed into a bulk density 
ring, with a measured volume of 73.1 cm
3
) and saturated with water then weighed. The 
rings were then placed in a drying oven at ~105° C overnight to drive off all the water. 
The dried sample was then re-weighed the following day to calculate the weight loss of 
water and thus the dry bulk density and the porosity of the sample. Dry bulk density is the 
ratio of the dry sample weight in grams (g), minus the ring weight, and the sample 
volume in cubic centimeters or bulk density in g cm
-3
. Using 1.00 gm/cm
3
 as the density 
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of water, the ratio of water volume to total sample volume yields the percent porosity or 
specific storage capacity of the sample (Dingman, 1994). 
 After bulk density and porosity were measured for each ring sample, the samples 
were loaded into a constant head permeameter to measure permeability. An 8-10 cm 
column of remolded sediment was loaded into the permeameter for the gravel/sand 
samples and only about 2-3 cm for the muddy samples. The samples were compressed in 
the permeameter by applying a similar pressure to the sample as estimated from the depth 
it was collected using a pocket penetrometer. A constant drip of water was supplied at the 
top of permeameter apparatus to keep the water level with the top of the sediment 
surface.  A 1000 ml cylinder was used to catch the water that passed through the 
sediment filled column during a measured time period.  The vertical sediment column 
length and diameter, water column lengths, and flow rates, were entered into Darcy’s 
Law to calculate a hydraulic conductivity (K) (Equation 1),  
  
 
  
     (Eq. 1) 
where K is the hydraulic conductivity (permeability),   is the volume of water 
discharged, i is the height of the sediment column, and A is the cross-sectional area of the 
sample (Dingman, 1994).  
 After the permeability was measured in the lab the samples were split into 60 to 
280 g samples (depending on grain size and amount of sample available) and placed in a 
sieve shaker to measure grain size. The sieves were chosen to separate gravel, sand, and 
mud. These sieves were #’s 10, 20, 40, 100, 140, 200, and 230. Only samples with a 
significant component of mud were wet-sieved through the 230 sieve (63 microns), to 
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isolate the sand size fraction (Folk, 1974). The weight of each sieve size class was 
measured to compute the mean and standard deviation for each sand grain size sample. 
 
 
PIEZOMETERS 
 
Ten piezometers were installed and then monitored for groundwater conditions in 
2005 and 2006.  The piezometers were positioned on the bases of GPR profiles, gouge 
cores, and Geoprobe boreholes (Figure 10). Specifically, the piezometers were positioned 
to 1) avoid recent channel cut and fill features and 2) establish any north–south or west–
east trends in groundwater surface elevations or water quality conditions.  
The piezometer wells were constructed using schedule 40 PVC with an inner 
diameter of 5 cm. They were installed with the screen in the bottom 60 cm of the pipe 
and 50 cm left above ground. The original lengths of all of the pipes were 220 cm but 
some pieces were shortened before installation due to difficulty in digging or water 
retrieval, (see below). After installation the wells were capped off and surrounded by  T-
posts and barbed wire for protection from cattle as the land was still used for grazing at 
the time of well installation.    
Interval augering of the piezometer boreholes was done at successive 25 cm depth 
intervals. Bulk lithologies of the 25 cm intervals were logged during the borehole 
augering (Appendix 4). The completed depths of the piezometer wells were limited by 
water saturated collapse of sand units and by expected difficulty of groundwater retrieval 
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with mini-flow hand pumps. Water level and water chemistry were measured in the 
piezometer wells on a seasonal basis.  
 
Figure 13. Katelin Alldritt Sampling Piezometer well # 10 in the Ni-les’tun Unit 
(winter 2006), prior to ditch grading or filling and prior to new channel 
construction. 
 
During construction of the piezometer test wells the hand-auger recovered 
sediments were logged for 1) lithology including gravel, sand, and mud, 2) color to 
evaluate summer reduction-oxidation or redox conditions, and 3) fossils, including shells, 
roots, and peat, to establish depositional settings.  
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The groundwater was tested for temperature, pH, salinity, dissolved oxygen, and 
oxidation-reduction potential on a summer and winter basis. A sample of some of the 
data is given in Table 2. Some testing was also conducted for iron. The piezometers were 
also measured for the phreatic groundwater surface level on a monthly basis, using an 
electric water level meter with a 0.5 cm depth scale. 
 
Table 2. Sample of well and surface water data collected by Katelin Alldritt in 2008. 
AVERAGE  Well   Surface  
  
1 
minute 
2.5 
minute 5 minute 
1 
minute 
2.5 
minute 
5 
minute 
pH 5.19 5.09 5.05 5.28 5.04 5.13 
Cond (mS) 5.09 5.29 5.60 257 219 187.8 
REDOX (mV) 434 416 404 323 334 342 
Temp (*C) 11.0 11.3 12.2 15.2 15.0 14.0 
       
 
The combination of soil hydrologic properties and the groundwater chemistry data 
are used in this thesis to establish the shallow (2–6 m depth) hydrogeologic units in the 
Li–Nes’tun marsh and their potential effects on shallow groundwater flow. The second 
part of the thesis deals with the potential impacts of the groundwater conditions on 
reconstructed channels in the Li–Nes’tun marsh unit. Sampling of the restored or 
reconstructed channels in the study area is outlined below.  
MODERN CHANNEL SAMPLING  
 
Water quality data for the restored channels was collected in three field runs; 
including two winter runs and one summer run. The channel water was tested in the field 
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with the Vernier/LabQuest sensors for temperature, conductivity, pH, oxidation-reduction 
potential, and dissolved oxygen at a depth of ~30 cm.  
Temperature was collected using the Go!Temp temperature sensor that has a 
range of -20°C to 110°C and an accuracy of  ± 0.5°C. Conductivity was collected using 
the Vernier Conductivity Probe which comes factory calibrated at 3 different ranges; low 
(0-200 μS/cm), mid (0-2000 μS/cm), and high (0-20,000 μS/cm). The sensor was placed 
in the water starting in the low range and the reading observed. If the initial reading 
exceeded the low range it was reset to the mid-range and so on until the reading fell 
within the selected range. If the water was saltwater it would fall outside of all three 
ranges as saline water reads ≥ 30,000 μS/cm. These initial readings are later converted 
into ppt salinity in results and discussion for easier comparison with previously collected 
piezometer data.  The Vernier pH sensor was field calibrated before use in each field run 
using a three point calibration with known pH solutions of 4, 7, and 10. The oxidation-
reduction potential sensor was not field calibrated each time during the extent of this 
research. Therefore, the exact precision of the recorded values may not be critical, but 
can be used to monitor spatial changes in potential across the marsh. The oxidation-
reduction potential sensor is also a factory calibrated sensor. Once the probes were placed 
in the water they were allowed the directed response time as stated in the user manual per 
sensor. Once the response time was reached ten readings were recorded at a regular 
interval to allow for later statistical analysis.   
The first winter run took place in January 2011, as seen in Table 3, while the 
summer run took place in the summer of 2011 after the dikes had been removed (Figure 
14).  
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Figure 14. Channel water sampling in the winter of 2011, prior to dike and tide gate 
removal. 
The winter 2011 tests provided a baseline to analyze changes in channel water once the 
dikes had been removed in the summer of 2011 and also to test for seasonal/annual 
variations through a second winter run that took place in February 2012.  
 Twelve sampling sites were chosen in separate channel cuts and existing drainage 
creeks to get a general coverage of the entire marsh. Channel sampling stations were 
positioned with assistance from U.S. Fish and Wildlife to coordinate channel water 
quality monitoring in the study area. Testing was also completed in the Coquille River 
and Fahy Creek to see how these potential inputs might influence the channel water 
quality.  
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Table 3. Example of data collected in the January 2011 field run. 
               
Station # UTM - Easting 
UTM - 
Northing 
Temperature 
( C ) 
Conductivity 
(μS/cm) 
pH 
Dissolved 
Oxygen (mg/L) 
Oxidation-
Reduction 
Potential 
(mV) 
1 10T0387751 4779124 7.2 125.96 6.51 2.1 171.7 
2 10T0387759 4778446 7.4 11127.70 5.87 8.0 200.3 
3 10T0387754 4778057 8.4 2162.00 6.17 7.8 308.9 
4 10T0387748 4778348 7.3 5626.83 6.19 N/A N/A 
5 10T0387840 4778459 12.1 14398.10 6.19 N/A 244.1 
6 10T0388057 4778874 8.3 945.70 5.79 4.5 N/A 
6.2 10T0388659 4779576 6.7 77.80 5.54 6.6 216.6 
7 N/A N/A 7.3 4028.64 5.45 4.8 219.0 
8 10T0387365 4779197 7.1 90.13 5.90 7.1 212.0 
9 10T0387364 4778778 6.8 145.55 5.81 6.8 177.5 
10 10T0387341 4778324 6.8 227.60 6.12 6.9 185.8 
 
DATA ANALYSIS  
 
Following preliminary mapping of measured hydrologic parameters various data 
variables were selected for statistical correlation analysis using t-test methods (Davis 
2002). The statistical correlation analyses are used to suggest cause and effect between 
forcing factors in groundwater sources, groundwater flow directions, and groundwater 
quality in the Ni-les’tun Unit. These results are informally related to measured water 
quality in some constructed channels that were subsequently opened to tidal flow in the 
Coquille River estuary.  
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Results 
 
GROUND PENETRATING RADAR 
 
 Ground penetrating radar profiles were run across the Ni-les’tun Unit to measure 
groundwater surface level and to locate ancient channel features (Appendix 2: GPR 
profiles). The GPR results showed groundwater levels during the summer ranging from 
0.5 to 2.0 m depth (rounded to nearest 0.5 m). A total of 19 cut and fill features 
representing buried channel features (Figure 15) were imaged at 1.0 to 3.5 m depth in the 
interior of the Ni-les’tun Unit (Appendix 2a). The cut and fill features in the interior of 
the Ni-les’tun Unit ranged in vertical offset or paleochannel depth from 0.5 to 1.5 meters 
thickness and in lateral extent from 5 to 15 m horizontal width. These interior channel 
forms reflect a low-density drainage of very shallow and narrow channels with relatively 
little lateral migration. Selected shallow channel forms and intervening areas imaged by 
the GPR were gouge cored to 1-3 m depth subsurface to groundtruth the GPR 
interpretations (Electronic Appendix 2b). No gouge core samples were analyzed for 
quantitative grain size distribution or geohydrologic properties. However, the gouge core 
logs do demonstrate that shallow channel-forms imaged in the GPR are sand bottomed, 
with channel–form in–filling by mud. The intervening areas between the channel–forms, 
as identified in GPR profiles, are dominated by peaty mud and rooted mud deposits that 
accumulated in intertidal flats. Several buried peaty muds suggest episodic subsidence of 
the intertidal marsh deposits, associated with coseismic strain cycles, as reported 
elsewhere (Witter, 2003; Peterson et al., in press). The shallowest buried peat at 40 cm 
depth in Gouge core site 1 (387308e, 4778824n UTM) from the central west part of the 
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Ni-les’tun Unit, yielded an adjusted conventional radiocarbon age of 240+-40 yr BP 
(Beta Analytic #221465), which coincides with the last Cascadia megathrust rupture at 
AD 1700 in the area (Witter, 2003).  The floodplain marsh in the Ni-les’tun Unit 
apparently dates to latest Holocene time. 
 The channel forms imaged by GPR at the southern boundary of the Ni-les’tun 
Unit range from 1.5 to 3.5 m in vertical offset or paleochannel depth, and from 15 to 70 
m in lateral extent (Electronic Appendix 2). Several of the south side channel–forms 
contain chaotic reflectors, suggesting artificial infill during dike construction. Several 
orthogonal crossing lines suggest that the larger channel features at the south side of the 
Ni-les’tun Unit were orientated perpendicular to the present Coquille River bank (Figure 
15). The wider and deeper channel cut and fill features at the south side of the Ni-les’tun 
Unit are short in along-channel extent, apparently less than 200 m in length (north to 
south), as they do not show up in any of the GPR lines in the interior of the Ni-les’tun 
Unit. Gouge cores taken to groundtruth the GPR interpretations of these deeper channel 
forms at the south side of the central marsh (GPR line 9) show mud fill to about 3.0 m 
depth over sand bottoms. At least two buried peats in the mud infilling of the channel 
forms indicate that the channel forms were abandoned well before the last Cascadia event 
at 0.3 ka. The prehistoric abandonments of the channel–margin discharge creeks probably 
reflect the emergence of the Ni-les’tun Unit from an intertidal marsh to a supratidal flood 
plain in latest Holocene time. 
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Figure 15. Results of the GPR work done on the Ni-les'tun Unit. Some of the smaller 
lines are not shown due to a repeat of data in proximal lines, but can be seen in 
Appendix 2. Gouge core locations are shown as yellow squares. 
 
 The general groundwater surface gradient is from shallower ground water levels 
(0.5-1.0 m) in the north side of the marsh to slightly deeper values (1.5-2.0 m) closer to 
the Coquille River, on the south side of the marsh, as mapped during the summer 
profiling period, prior to any restoration of the marsh hydrology.   
 Overall, the groundwater surface as imaged by GPR in the Ni-les’tun Unit was 
quite shallow, averaging about 1.0 m in depth. The buried channel cut and fill features 
imaged by GPR  in the interior of the Ni-les’tun Unit were shallow and thin, averaging 
only about 1.0 m in vertical relief The results of the GPR profiling provided an initial 
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baseline for understanding the recent prehistoric development and hydrology of the Ni-
les’tun Unit. Based on the initial GPR and shallow gouge core ground–truthing results, as 
shown above, additional sites were selected for deeper Geoprobe coring, as outlined 
below. 
GEOPROBE SAMPLE DATA 
 
Geoprobe cores were taken to obtain subsurface samples for lithologic and 
hydrogeologic testing (Geoprobe map Figure 16). The Geoprobe cores were analyzed for 
lithology and geohydrologic properties including grain size, bulk density, porosity, and 
hydraulic conductivity or permeability. See the Methods section of this thesis for the lab 
procedures used to measure the hydrologic properties of the remolded Geoprobe samples. 
The Geoprobe site locations and elevations are provided in Electronic Appendix 1. The 
core logs from the Geoprobe  lithologic analyses are presented in detail in Appendix 3. A 
summary of the Geoprobe core lithologic analyses is provided below. 
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Figure 16. Locations of the Geoprobe borehole locations drilled in 2006. Several 
Geoprobe sites, including GP5, GP8, GP6, and GP11 were drilled for archaeology 
testing. All of the other Geoprobe sites were located to test for subsurface 
hydrogeologic conditions, based on preliminary GPR surveying. Cores from all 12 
geoprobe sites were made available for lithologic analysis. 
 
 
N
0
0 
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Figure 17. Geoprobe core lithologies based on field observations and grain sizes 
determined in the lab. 
 Most of the cores taken by the Geoprobe drillling were composed of mud and 
sand, as shown in the generalized core logs presented in Figure 17. Figure 17 shows 
substantial amounts of gravel at greater than 2.0 m depth in Geoprobe sites GP5, GP8, 
and GP12. The Geoprobe sites GP5 and GP8 are located along the  northeast side of the 
Ni-les’tun Unit, against the Pleistocene river terrace.  Eroded terrace gravels were 
apparently transported to the east along a paleoshoreline of the Ni-les’tun Unit when the 
area was still submerged in late Holocene time. Some deeper gravel, below 3 m depth 
was also recovered in GP12, located in the northwest part of the Ni-les’tun Unit, where 
the Fahy Creek enters the marsh (Figures 16 and 17).  
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With the exception of the localized gravelly sand along the northern side of the 
Ni-les’tun Unit the largest part of the marsh subsurface is dominated by mud and sand.  
The mud fraction is not divided into silt and clay components in this thesis.  The sand 
fraction ranges from coarse to find sand, but the sand fraction is dominated by medium to 
fine sand size, as based on core photos and grain size card comparisons (Appendix 3-
geoprobe core logs).  
 A series of photographs (Figures 18-21) were taken of core sections from 
Geoprobe Hole #1 (GP1), which is located in the middle of the west end of the marsh 
(Figure 16). The first photo (Figure 18) shows core sections from the top 1.5 m of GP1. 
These cores were cut into 4 sections A through D. Section A is brown silt, on top of 
section B: peaty mud, down to section C: layered silts, and the bottom grades into silty 
sand. The upper cores from GP1 demonstrate a general increase in grain size with depth 
from mud and peat above to sandy mud or muddy sand below. The transition from peaty 
mud to sandy mud or muddy sand occurs within about the uppermost 1.0 meter of the 
GP1 site.  
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Figure 18. Geoprobe #1 with split paired 1.5 m sections top to bottom (A, B, C,and 
D) showing historic (?) brown silt (section A) grading down into peaty mud (section 
B) grading downward into layered silts (section C) and then downward to silty sand 
(section D). Upcore is to photo left. 
  
Increasing grain size with increasing depth is further demonstrated in GP1, as 
shown by core sections E through G (Figure 19). Section E shows an increase in fine 
sand abundance and section F shows clean fine sand with bay clam shells. The 
disarticulated shells suggest reworking in a sandy tidal flat. Beneath the layer of clam 
shells is a thick unit of medium sized sand to a depth of at least 6.0 m.   
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Figure 19. Geoprobe #1 with split paired 1.5 m sections top to bottom (sections E, F, 
and G) showing sandy silt (section E) , over gray sand with bay clam shells (section 
F), over channel sand (section G). Geoprobe core logs are shown in Appendix 3. 
 
The fine sand unit below the upper meter of peaty mud and laminated silt is very uniform 
in size, suggesting a source from wind-blown dune sand along the northwest margin of 
the Ni-les’tun Unit (see Figure 4 for location of Holocene dunes in the study area). The 
sand size increases to medium size sand with increasing depth in GP1 demonstrating a 
deeper tidal channel setting below the lower intertidal sand flats. 
 The following two photographs (Figures 20 and 21) show the lithologhy and 
relative grain sizes of the deeper channel sands in GP1. Both images were taken of a core 
section at about six meters depth.  
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Figure 20. Photo of Geoprobe site #1 core sample (section I) under camera flash 
showing channel sand deposit at about six meters subsurface depth. Scale on grain 
size card is in centimeters. 
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Figure 21. Close-up photo of channel sand interval at about six meters subsurface 
depth from section (I) in Geoprobe Site #1. Scale is in centimeters with millimeter 
subdivsions. See detailed core log in Appendix 3. 
 
 Following the Geoprobe core logging for all 12 Geoprobe sites a selection of 
representative borehole sites and representative core sections from those sites was 
undertaken for the purpose of sediment sampling. Bulk samples were collected from 
recorded depth intervals and mixed by hand to reflect representative hydrogeologic units. 
Analytical methods including, measurements of 1) relative abundances of mud, sand, and 
gravel fractions, 2) bulk density, 3) porosity, and 4) hydraulic conductivity or 
permeability are detailed in the Methods section of this thesis.   
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Table 4. Lab results for grain size and hydraulic properties of the Geoprobe core 
samples. Shallow samples with high mud contents show the highest porosity values 
and lowest permeability (K) values, as expected. Samples with a “-“ for a hydraulic 
conductivity value were too clay rich to be measured in the apparatus used. 
              
   
Grain size 
distribution      
Sample # (depth, 
cm) 
% Gravel % Sand % Mud 
Bulk 
Density 
(g/cm) 
Porosity 
Hydraulic 
Conductivity, K 
(cm/hr) 
GP1 10-60 0.0 48.2 51.8 1.05 54.61% 0.004 
GP1 210-260 0.0 96.3 3.7 1.72 34.49% 20.684 
GP1 637-702 0.0 99.3 0.7 1.63 41.88% 141.479 
GP2 220-270 0.0 52.1 47.9 1.21 55.16% 0.006 
GP2 460-510 0.6 96.8 2.6 1.62 42.16% 26.316 
GP2 630-680 0.1 99.0 0.9 1.54 38.73% 109.362 
GP3b 175-225 0.0 39.1 60.9 1.23 60.36% 0.012 
GP3d 545-595 1.6 96.6 1.9 1.65 38.60% 24.645 
GP4a 40-90 0.0 42.0 58.0 1.54 48.45% 0.002 
GP4b 183-233 0.0 96.1 3.9 1.64 37.23% 5.156 
GP5 50-100 0.1 78.7 21.2 1.33 50.23% - 
GP5 210-260 37.2 60.5 2.3 1.89 30.25% 9.125 
GP6 152-198 35.4 63.0 1.7 1.89 31.34% 3.732 
GP7b 152-182 41.4 55.5 3.1 1.69 29.43% 3.489 
GP8 202-252 26.6 70.8 2.5 1.80 32.03% 15.933 
GP9 230-280 6.7 62.4 30.9 1.29 56.66% 0.043 
GP9 356-392 0.7 89.1 10.2 1.44 46.54% 1.343 
GP10 130-180 55.4 41.1 3.5 1.94 30.11% 2.588 
GP10 304-354 0.1 6.7 93.2 1.35 52.42% - 
GP11 160-180 0.6 94.4 5.0 1.69 35.31% 4.446 
GP11 210-225 0.3 52.3 47.4 1.41 47.22% 0.013 
GP11 230-250 0.8 97.7 0.0 1.63 39.28% 51.094 
GP12B 152-202 0.0 42.6 57.4 1.52 52.15% 0.085 
GP12C 272-322 59.8 30.9 9.3 2.15 33.40% - 
 
 Table 4 is a summary of the grain size results and hydraulic properties for the 
representative Geoprobe core samples (Appendix 5). The sample dry weight fraction of 
mud ranges from 93.2 to 0 percent in the analyzed samples. The sample dry weight 
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fraction of sand ranges from 99.3 to 6.7 percent in the analyzed samples. Measured 
gravel abundance ranges from 59.8 to 0 percent weight abundance in the selected 
samples. The selected samples confirm visual estimates of grain size distribution in the 
corresponding Geoprobe samples (Appendix 3).   
 The grain size distribution analyses (Table 4) also confirm the field observations 
of an increasing grain size with depth in some Geoprobe core sites. The increase in grain 
size appears to correspond with an increase in hydraulic conductivity as measured from 
the remolded samples in some core sites. Low hydraulic conductivity values in the upper 
layers (1-2 m depth) of Geoprobe sites GP1, GP2, GP3, GP4, GP10 and GP12 range 
between 0.002 and 0.006 cm/hr. The deepest layers analyzed, at depth of about 6 m 
subsurface in GP1 and GP2, show values of 141.5 and 109.4 cm/hr, respectively. These 
interpreted channel sand deposits show hydraulic conductivity values that exceed the 
gravel-rich muddy sand deposits from the northernmost core sites. For example 
maximum hydraulic conductivity values in the gravelly mud or gravely muddy sand 
sections of GP5 and GP10 reach 9.1 and 2.6 cm/hr. The porosities of the remolded 
samples (30 to 60 percent void space) are within expected ranges of the unconsolidated 
mud and sand deposits 
In summary, the Geoprobe core lithologies are characterized as mud-rich in the 
shallow subsurface with increasing sand abundance at depths greater than 1-1.5 m 
subsurface.  Some interspersed gravel is locally present in the sites that are located near 
the northern side of the marsh, against the Pleistocene fluvial terrace, or adjacent to the 
confluence of Fahy Creek at the northwest part of the marsh. The gravels tended to be 
shallower in the northeast part of the marsh (GP5-GP8 and GP10) and deeper near the 
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confluence of Fahy Creek (GP12).  The measured hydrogeologic properties shown in 
Table 4, support the visual lithologic trends shown in the gouge cores (Appendix 2b) and 
the Geoprobe core logs (Figure 17). These trends demonstrate a two part aquifer system 
with 1) low permeability mud on top and 2) higher permeability sand units below. Based 
on the laboratory analyses of the Geoprobe core samples and the interpreted two part 
aquifer system a representative areal distribution of shallow piezometer wells was 
established for shallow groundwater monitoring in the Ni-les’tun Unit. The piezometer 
wells were constructed to extend down into the transitional lithologies of sandy mud to 
muddy sand (at about 1.5 to 2.2 m depth subsurface). These depths to the lower 
hydrologic unit also correspond to the shallow channel form cut and fill features imaged 
by GPR in the Ni-les’tun Unit flood plain. This range of subsurface depths (1.5–2.5 m) 
was expected to be targeted in the restoration and/or construction of new channels in the 
Ni-les’tun Unit (Dave Pitkin, pers. comm., 2006). The results of the shallow groundwater 
monitoring in the Ni-les’tun Unit are presented below.  
PIEZOMETER WELLS 
 
 Piezometer wells were constructed to monitor groundwater conditions at or near 
the bottom of the upper aquifer unit (1.5-2.2 m depth) in representative sites (Figure 21-
piezometer sites), as selected on the basis of Geoprobe core logs and hydrogeologic units 
presented above. Piezometer borehole lithology data were collected during interval 
augering of the piezometer wells as presented below.  
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Piezometer well lithologies 
 
 Bulk lithologies from 25 cm intervals were logged for all 10 piezometer wells in 
the study area (Figure 22; Electronic Appendix 4). Summary core logs from the 
piezometer boreholes are shown graphically in Figure 23. The top of the sandy aquifer 
was reached in piezometer wells P1-P7. No distinct sandy units were described in the 
intervals augered at sites P8-P10.  
 
Figure 22. Locations of piezometer wells installed in 2005 and monitored fall of 2005 
through late summer 2006. See Electronic Appendix 1 for positions and elevations of 
the piezometer wells in the study area. 
 
The lithologies from the piezometer well intervals (depths of 1.5-2.2 m) were generally 
similar to the upper 1-2 meters of the gouge core and Geoprobe core lithologies, (Figure 
N 
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16 geoprobe core logs figure). The screened bottoms of the piezometers were expected to 
sample groundwater flow that could be intercepted by shallow channels 1.5-2.5 m depth 
that were planned for channel excavation in the Ni-les’tun Unit.  
 
 
Figure 23. Core lithologies of piezometer wells taken in the field during hand 
augering. Piezometer wells did not penetrate as far as Geoprobe cores but show 
many similarities in lithologies at 1-2 meter depth. Each piezometer well was 
screened in the bottom 60 cm. 
 None of the piezometers displayed overpressure or artesian flow from a confined 
aquifer, during the summer period of well construction. However saturated conditions 
were encountered at the bottoms in most of the piezometer boreholes, limiting the auger 
depths for lithology sampling.  Following well installation, water elevations and 
groundwater chemistry were monitored as presented below.  
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Piezometer Water Elevations (Seasonal) 
 
 Water elevations were collected from ten piezometer stations on a monthly basis 
from October 2005 to August 2006. See Electronic Appendix 6 for detailed piezometer 
water elevation data. Table 5 provides summary data of representative seasonal 
groundwater elevations from fall, spring, and late summer in years 2005 and 2006.  
 
Table 5. Seasonal water elevations measured in the piezometer wells showing the 
range in seasonal sensitivity to groundwater input across the marsh. All elevations 
for groundwater are relative to NAVD88. 
        
  
Water elevation by date (m) 
 
Well # 10/18/2005 3/2/2006 8/10/2006 
1 2.91 2.99 2.83 
2 1.61 2.05 0.99 
3 1.97 2.12 1.54 
4 1.60 1.95 0.96 
5 1.11 2.15 0.77 
6 1.58 2.22 0.65 
7 1.74 2.04 0.53 
8 1.84 2.00 1.29 
9 1.55 2.01 1.00 
10 1.16 2.13 0.61 
   
 In order to better understand the mechanisms driving the fluctuation in 
groundwater elevation and potential impacts of groundwater quality on potential channel 
water quality, the groundwater chemistry in the piezometer wells was collected on a 
winter and summer basis, as presented below.  
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Piezometer Hydrogeochemistry 
 
 After the piezometer wells were installed they were revisited twice to measure 
temperature, conductivity (salinity), pH, and dissolved oxygen in early summer 2005 and 
early summer 2006. A few of the wells were only monitored for seasonal water heights 
and were not measured for chemical parameters. The reason for missing data is because 
this was originally an experimental project with field work scheduled around agency and 
collaborator availabilities. Due to a lack of personnel availability, some of the wells could 
not be visited to take certain measurements.   
Table 6. Piezometer chemistry results from summer of 2005 and winter of 2006. 
Conductivity values were converted to salinity for this table. 
                  
 Temp (°C) Salinity (ppt) pH DO (ppm) 
Well  
Sum 
'05 
Win 
'06 
Sum 
'05 
Win '06 
Sum 
'05 
Win 
'06 
Sum 
'05 
Win 
'06 
1 - - - < 1 - 6.28 - 0.05 
2 - - - < 1 - 6.80 - 0.3 
3 14.3 8.5   1.68 < 1 5.25 3.52 - >1 
4 - - - < 1 - 6.60 - >>1 
5 11.4 11.77   8.13 4.0 7.16 5.07 - >1 
6 11.3 13.48 16.75 14.6 7.80 5.59 - >1 
7 - 12.87 - < 1 - 5.49 - >1 
8 15.6 9.9 4.13 2.9 3.10 4.07 - 0.7 
9 - - - 6.7 - 2.53 - 0.5 
10 - - - 13.5 - 6.16 - - 
 
 Temperature was measured on four of the wells in both the 2005 summer and 
2006 winter. Wells P5 and P6 were located near the south side of the marsh near the 
Coquille River. The southern two wells showed very small temperature variations 
between seasons, changing by only 0.3 to 2 °C, and increasing slightly from summer to 
winter. The two wells measured for seasonal temperature change at the north side of the 
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marsh (P3 and P8) showed a much more pronounced change in temperature, about 6 °C, 
which decreased from summer to winter.   To repeat, groundwater temperatures were 
slightly higher in the north side of the marsh and those temperatures decreased from 
summer (~15 °C) to winter (~9.2 °C) on the north side of the marsh. To repeat, the 
northern piezometer wells were much more sensitive to seasonal temperature change than 
those near the south side. These results suggested substantial differences in groundwater 
sources to the north and south sides of the marsh, as addressed later in the Discussion 
section of this thesis. Salinity was measured seasonally in the piezometer wells to further 
test the possibility of different sources of groundwater to the Ni-les’tun Unit, as outlined 
below.  
 Conductivity, a proxy for salinity, was measured in much the same way as 
temperature with only four wells measured in the summer but all ten measured in the 
winter (Table 6). Conductivity was measured in microsemens per centimeter and 
converted to salinity which is parts per thousand dissolved salts. Conductivity values 
under 1,500 μS/cm were reported as less than 1 ppt salinity (Bennett, 1976). The four 
wells that were measured in both summer and winter showed a decrease in salinity in the 
range of 2-4 ppt. The highest salinity values were found in the south side and southwest 
parts of the marsh, near the Coquille River. All of the wells in the northwest part of the 
marsh gave values of <1 ppt salinity. Salinity gradually increased from the north side to 
the south side of the marsh (see further trend analyses in the Discussion section of this 
thesis).  
 The pH of the groundwater was also tested on a seasonal basis in the piezometer 
wells (Table 6). The groundwater pH was only measured in four of the ten piezometer 
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wells (P3, P5, P6, and P8) in the summer but all ten wells were sampled in the winter, 
when maximum groundwater recharge was expected to occur. The pH showed a broad 
range across the marsh with a minimum of 2.53 and a maximum of 7.80. There were both 
seasonal and spatial variabilities in pH values from most of the monitored piezometer 
wells. Three of the four wells measured in the summer (P3, P5, and P6) showed a 
decrease in pH of about 2.0 from summer to winter. The fourth well (P8) showed an 
increase of about 1.0 from summer to winter. The wells in the north side of the marsh 
(P3, P8, and P9) showed much lower pH values (2.5-4.0) than the near neutral values (pH 
of 7 is neutral), as found on the south side of the marsh (pH of 5.5-7.8 in wells P2, P4, 
P5, P6, and P10). The last chemical parameter measured in the groundwater from the 
monitored piezometer wells was dissolved oxygen, as outlined below.  
 Dissolved oxygen was measured in 9 of the 10 wells during the winter of 2006. 
These data were semi-quantitative due to the limitations of the equipment that was 
available at the time to make measurements of dissolved oxygen (see Methods section of 
this thesis). Dissolved oxygen was either reported as a decimal value ranging from 0.05 
to 0.7 ppm or as >1 or >>1 ppm. Values for dissolved oxygen (D.O.) were generally 
lower in piezometer wells from the north side of the marsh and the northwest part of the 
marsh,  relative to other piezometer well sites which all showed  D.O. >1.  
 After a delay of several years, funding became available to construct channels and 
remove dikes and tide gates from the Ni-les’tun Unit in 2011 and 2012, respectively. 
Surface water samples from the newly constructed channels, and subsequently from the 
channels opened to tidal flow were monitored for water quality and source tracer 
chemistry on a seasonal basis, as reported below. 
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CHANNEL WATER HYDROGEOCHEMISTRY 
 
 Channel water was sampled across the marsh for temperature, pH, dissolved 
oxygen, conductivity, and oxidation-reduction potential to identify potential sources of 
the channel waters, both before and after tide gate removal. Sources of the enclosed 
channel water could include 1) meteroric (rainfall) and surface infiltration, 2) surface 
runoff form the Fahy Creek and other creeks at the north side of the marsh, 3) 
groundwater flow from the north bounding uplands, and/or 4) Coquille River flow from 
the south side of the Ni-les’tun Unit. The locations of the channel sampling sites are 
shown in Figure 24.  
 
Figure 24. Locations of channel chemistry sampling sites. Site 3 was taken in the 
Coquille River and sites 8, 9, and 10 were taken in Fahy Creek. 
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The results from the channel water quality measurements taken in the winter of 
2011 (before the tide gates were removed), in the summer of 2011, and in winter of 2012 
(both after the tide gates were removed) are presented in Tables 7-9. The channel waters 
showed 1) increases in temperate and conductivity from the winter to the summer and 2) 
general decreases in dissolved oxygen and oxidation-reduction potential over the same 
sampling periods, from winter to summer.  
 
Table 7. Summary of channel sample results from winter 2011 (before dike 
removal). 
            
Station 
# 
Temp 
(°C) 
Conductivity 
(μS/cm) 
pH 
Dissolved 
Oxygen 
(mg/L) 
Oxidation-
Reduction 
Potential (mV) 
1 7.2 125.96 6.51 2.1 171.7 
2 7.4 11127.70 5.87 8.0 200.3 
3 8.4 2162.00 6.17 7.8 308.9 
4 7.3 5626.83 6.19 - - 
5 12.1 14398.10 6.19 - 244.1 
6 8.3 945.70 5.79 4.5 - 
6.2 6.7 77.80 5.54 6.6 216.6 
7 7.3 4028.64 5.45 4.8 219.0 
8 7.1 90.13 5.90 7.1 212.0 
9 6.8 145.55 5.81 6.8 177.5 
10 6.8 227.60 6.12 6.9 185.8 
Average 7.8 3541.5 6.00 6.1 215.1 
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Table 8. Channel sample results from summer 2011. Channel sampling was done 
after the dikes were removed. 
            
Station 
# 
Temp 
(°C) 
Conductivity 
(μS/cm) 
pH 
Dissolved 
Oxygen 
(mg/L) 
Oxidation-
Reduction 
Potential (mV) 
1 14.5 177.40 6.85 2.0 -66.7 
1B 20.5 4062.80 6.78 5.4 190.0 
2 19.3 32609.40 6.27 6.5 186.9 
3 15.9 34897.40 6.21 7.7 145.0 
4 - - - - - 
5 19.9 24329.30 6.28 7.4 147.3 
6 18.8 33156.30 6.25 5.5 169.6 
6.2 15.0 108.63 5.30 4.6 125.9 
7 13.8 7478.36 5.69 5.7 172.0 
8 16.7 110.38 5.09 4.7 107.0 
9 19.6 1232.40 6.74 6.1 145.9 
10 18.5 33508.10 7.41 7.2   97.9 
Average 17.5 15606.4 6.30 5.7 129.2 
 
Table 9. Channel sample results from winter 2012. 
            
Station 
# 
Temp 
(°C) 
Conductivity 
(μS/cm) 
pH 
Dissolved 
Oxygen 
(mg/L) 
Oxidation-
Reduction 
Potential (mV) 
1 6.2 582.7 5.62 6.0 -81.1 
1B 6.2 936.0 5.75 4.6 146.4 
2 6.3 5733.1 5.93 1.7 153.2 
3 8.9 261.1 5.66 7.2 215.3 
4 - - - - - 
5 6.9 5305.0 6.03 6.6 154.3 
6 6.4 3354.0 5.76 8.1 157.4 
6.2 8.7 80.9 5.65 9.3 193.1 
7 9.1 350.4 5.67 8.5 157.6 
8 8.7 107.5 5.89 8.3 169.5 
9 7.2 365.9 5.48 6.4 137.9 
10 8.7 239.8 5.61 7.0 231.1 
Average 7.6 1574.2 5.73 6.7 148.6 
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 The lowest temperate recorded was 6.2 °C (winter) and the highest 20.5 °C. The 
temperature in both winter runs stayed similar between years with the first winter run 
showing a consistent temperature in the range of 6.7 – 8.4 with one exception of 12.1 in a 
very shallow channel. Temperature was largely unaffected by dike removal, with both 
winters having average temperatures in the 7.6 to 7.8 range. Summer channel 
temperatures more than doubled from the winter average, reaching an average of 17.5 °C.  
Summer temperatures ranged from 13.8 to 20.5 °C between the different monitored 
wells. Conductivity was also measured in the channels as a proxy for salinity, as 
presented below.  
 Conductivity measurements showed similar spatial trends in the channel water as 
in the groundwater. The highest values tended to be in the south side of the marsh with 
the lower values in the north side and northwest parts of the marsh. The biggest 
differences seen in conductivity were in the changes between winter and summer, with 
average values increasing by nearly a factor of five from winter to summer in some sites. 
These variations are not directly related to dike removal because the conductivity 
dropped back to lower levels relative to the summer, in the second winter. To repeat, 
measurements collected during the second winter run, after dike removal showed a 
decrease in channel water conductivity.   
 The channel water pH measurements taken in the three sampling periods showed 
relatively small variations in channel water conditions. The pH range throughout the 
three periods was 5.09 to 7.41. The pH values showed an average increase from winter to 
summer from 6.00 to 6.30 and went back down in the following winter to 5.73. The 
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spatial trends in pH are the lower values pH values in the channel waters occurred near 
the north side of the marsh relative to higher values in the south side. The one difference 
between groundwater pH and channel water pH is that the groundwater pH decreased in 
the summer when channel water showed an increase. The other important water quality 
parameter measured in the channel water was dissolved oxygen. 
 Dissolved oxygen (D.O.) in the channel waters was measured with a Vernier D.O. 
probe, calibrated for temperature and atmospheric pressure to nearest 0.1 mg/L. D.O. 
values ranged from 1.7 to 9.3 mg/L across the marsh. The D.O. values seem to be lower 
at the north side of the marsh just as the groundwater values, with a few seasonal 
anomalies. Station 1 in the north side of the marsh had values of around 2 mg/L in the 
winter of 2011 and summer of 2011 but jumped up to 6 in the winter of 2012. Values 
measured in Fahy Creek in the north end of the marsh were higher in the winter at around 
8 mg/L, but they dropped to 4.7 mg/L in the summer. The average of all channel water 
sites dropped from 6.1 mg/L in the winter to 5.7 mg/L in summer, then retuning back to 
6.7 mg/L in the following winter. As addressed in further detail in the Discussion section 
of this thesis the relatively low D.O. values in some of the channel waters are of concern. 
The final parameter measured in the channels was oxidation-reduction (redox) 
potential. Redox potential values ranged from -81.1 mV to 308.9 mV. The spatial trend is 
not as strong in redox as it appears to be in D.O. Though D.O. and redox are chemically 
related they do represent slightly different chemical conditions (Lie and Welander, 1998; 
Schön et. al., 1993). The redox values in the marsh generally decrease from the south side 
(231.0, 308.9) to the north side (-81.1, 107.0). The average redox values for all channel 
water sites were higher in the winter than in the summer, dropping from 215.1 to 129.2 
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mV, respectively. The removal of the dikes and tide gates had a modest but unexpected 
impact on redox conditions as winter redox values dropped from 215.1 mV before 
channel opening to 148.6 mV after channel opening. 
 Both groundwater and channel water quality measurements showed both spatial 
and temporal trends in the Ni-les’tun Unit. Some of these trends are discussed and tested 
for statistical significance below.  
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Discussion 
  
  Some of the channel waters show either low pH (approaching 5; 
CS7/winter 2011, CS8/summer 2011, CS9/winter 2012) or low DO (at or below 2.0 mg/l; 
CS1/summer-winter 2011, CS2/summer 2012)(see Figure 24 and Tables 7, 8, and 9).  
These particular sites may be evidence that water quality parameters could spatially and 
temporally vary enough to become unsuitable for young fish. In order to understand these 
variations in the channels, it is important to understand the sources of these channel 
waters and how they might change season to season.  
 The channel water in the north side of the marsh appears to have lower pH values 
than the waters in the south side. To test this, the end members CS 1, 6.2, 7, 8 were 
chosen to represent the north side being the northernmost four sample sites and the south 
side was represented by CS 3, 5, and 10; as they are the three southernmost sample sites 
(CS 4 was ponded water and was only measured once). The pH values from these sites 
were averaged together in north and south groupings for winter and summer 2011. The 
winter 2012 values were determined to be non-representative for the general pH trends 
because most the channels were being affected by a large amount of rainwater runoff that 
would have effectively lowered the pH in certain areas in the marsh. The north side pH 
average for the end members came out at 5.78 and the south side end members at 6.40. 
 The initial conclusion can be drawn that the pH in the channels in the north side 
are lower than the pH in the channels in the south side. In order to test this hypothesis, a 
t-test was run to determine if the mean values resulting from measurements in the two 
areas are significantly different. The t-test calculates a t value as shown in Equation 2, 
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in which  ̅  and  ̅  are the means of the two populations,    and    are the number of 
samples from populations 1 and 2, and the pooled estimate of the standard deviation    is 
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             (Eq. 3) 
where   
  and   
  are the variances of the two populations (Davis, 2002). Once the t value 
is calculated it must be compared to the critical t value (from t-tables) for the chosen 
alpha (α) value. The value α is the significance level, such that an α of 0.05 has a 5% 
chance of having a type I error in which the null hypothesis is true but is rejected. The 
table value for an α of 0.05 and 12 degrees of freedom (df =    +    – 2) is 1.7822. If the 
calculated t value is less than the table value then we cannot tell if the means of the two 
populations are different, but if the t value exceeds the table value we can conclude that 
the means are different with a 5% chance of type I error. The t value for comparing the 
north and south side pH end members is 2.784 which falls above the critical value of 
1.7822. Therefore, the pH in the north side of the marsh is statistically lower than the pH 
values measured in the south side.   
 The dissolved oxygen values in the channels tended to be lower (1.7-4.7 mg/L) in 
the north side of the marsh as compared to the south side (5-7 mg/L), but showed more 
variation than pH. Dissolved oxygen may also be greatly affected by the amount of 
rainwater as seen seasonally and depending on the sample date. Both winter runs gave 
average DO values above 6 mg/L and the summer run had an average below 6 mg/L.  
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 Rainwater is not the only player affecting the channel water chemistry in the Ni-
les’tun Unit. There are clear spatial variations within the marsh which must be attributed 
to other factors. To gain further insight, the spatial trends of the channel water are 
compared to spatial trends in the groundwater, as discussed below.  
 
GROUNDWATER TRENDS 
 
 The groundwater surface more or less coincides with the change in lithology as 
the groundwater surface ranges on average from 0.5 to 1.5 meters depth (see GPR results 
Figure 14, piezometer water heights Table 5). With the assumption that most of the 
channels are cut to one or more meters depth, they will intersect the higher permeable 
sediments and the groundwater surface elevation. Therefore, groundwater trends should 
play a significant role in channel water quality. Based on this, it would be important to 
look closely at groundwater trends both spatially and temporally in the marsh.  
 The first thing to notice in the groundwater chemistry is the spatial trends of the 
pH. Piezometer wells 3, 8, and 9 showed the lowest pH values for groundwater during the 
winter (2.53 to 3.52). These values were 1.0 to 1.8 pH units higher during the summer. 
These three wells are all located towards the north side of the marsh. The average pH 
values for end members at the north side of the marsh (P 3, 8, 9; P1 was omitted as it 
appears to be under special groundwater conditions that are non-representative of the rest 
of the marsh) is 3.37 and average pH at sound side (P 5, 6, 7, 10) is 5.58 for the winter 
2006 values (summer values only available for 4 wells). The calculated t value for these 
two groups of pH values is 4.78 which exceeds the critical t table value of 2.015 for an α 
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of 0.05 and 5 degrees of freedom. Therefore, we can statistically conclude that the north 
side pH values are lower than the south side with a 5% chance of type I error.  
The second parameter that appears to show a clear trend is conductivity/salinity. 
The wells that are closest to the Coquille River Estuary showed higher values for 
conductivity when measured in the winter of 2006 (Figure 25).  
 
Figure 25. Distance of well from Coquille River versus recorded conductivity. Wells 
that were closer than 400 m appear to have higher salinities (with one anomolous 
value). Values for chart were reported as conductivity because it is the analog 
measurement for salinity which requires some conversion that may vary based on a 
few parameters that may be unaccounted for. 
The wells were separated into two groups; group 1 consisted of wells located 
greater than 400 m from the Coquille River and group 2, wells located less than or equal 
to 400 m from the Coquille River. We can accept the null hypothesis that these two 
groups of conductivity values are different and that wells less than 400 m away from the 
Coquille River have higher values than those over 400 m (t = 2.49, tcritical = 1.8595, α = 
0.05). Running a regression analysis on Figure 25 returns a 2% probability that the 
correlation is not meaningful or a 98% chance that there is a decrease in salinity with 
increasing distance from the Coquille River. Figure 25 shows some clear outliers (P 1, 2, 
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4, and 7) where the expected conductivity values would be higher but are anomalously 
low. These four wells are all proximally located on the western end of the marsh and may 
all be greatly affected by a large influx of a fresh groundwater source to the north and 
west of the marsh, discussed in further detail below.   
 The third trend in groundwater is temperature. The interesting thing to note is that 
there is a spatial variation in seasonal sensitivity to temperature change from the north 
side to the south side of the marsh. Temperatures were only measured in four wells in 
both the summer and winter due to difficulties aforementioned in the methods section. 
Wells 3 and 8 were located in the north side and wells 5 and 6 located in the south side. 
The two wells in the north side of the marsh dropped about 6 °C from summer to winter 
while the two wells in the south side stayed consistent or went up about 2 °C. This means 
that the north side is more influenced by seasonal fluctuations in temperature than the 
south side of the aquifer. The factors leading to these different seasonal responses could 
be further resolved by additional groundwater temperature testing.  
 The final important trend in groundwater is the height of the water table as 
measured in the piezometer wells. This change is important because head shows the 
direction of groundwater movement on a short time scale and the effects of periods of 
heavy or light rainfall.  
  
60 
 
 
Figure 26. Water height data measured in late summer, late winter, and summer 
from 2005 to 2006. Aquifer shows significant recharge in the winter months 
increasing on the order of 1 to 1.5 meters on average. 
 
The seasonal change in groundwater elevation is clearly seen in Figure 26. These results 
are not surprising as most of the piezometer wells were installed into the upper part of the 
higher permeability units. The fact that water moves through the lower units so quickly 
makes the water table more sensitive to seasonal inputs. The anomalous and somewhat 
constant elevation of groundwater height at P1 suggests one of two things; 1) a 
substantial source of groundwater supply from the dunal uplands to the north and west, or 
2) this section of the marsh does not drain as well as the rest as this is the only core log 
with peat suggesting it may be more boggy than elsewhere (Moore, 1987). It is also 
important to note that P1 is located at a slightly higher elevation than the other sites. 
Additional testing could be used to further constrain the elevated groundwater supply to 
the northwest corner of the Ni-les’tun Unit.   
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 These groundwater trends show changes from the north to the south and from 
summer to winter. The differences in pH and salinity from the north to the south (or 
proximity to Coquille) suggest that there are two different groundwater sources feeding 
the aquifer (Moore, 1999). The north side of the marsh is being fed by the fresh 
groundwater coming off the dune aquifer located north of the Ni-les’tun Unit (Acworth 
et. al., 1998). The south side is being fed by the Coquille River Estuary that is affected by 
tidal fluctuations, which is reflected in the higher salinities.  
COMPARING GROUNDWATER AND CHANNEL WATER 
 
 If the groundwater is indeed feeding the marsh channels, the trends in the 
groundwater hydrochemistry would be somewhat reproduced in the channel water. If 
there are similar trends, we can conclude that channel waters are being fed by 
groundwater. The first trend to note is the increase in conductivity (salinity) the closer the 
sample is taken to the Coquille River Estuary. Looking at Figure 27 we can see that just 
in groundwater (see Figure 25) there is a large increase in the conductivity values that are 
~400 meters or less from the river. One other important thing to note in Figure 27 is the 
large seasonal variability in conductivity from winter to summer. Conductivity values 
decrease sharply in winter which can be attributed to the large amount of surface water 
runoff from heavy rainfall, and conversely increase in dryer periods due to the large input 
of saline groundwater (Winter, 1999).  
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Figure 27. Distance of channel sampling sites from Coquille River and measured 
conductivity value. Values that were taken less than 400 m from river show large 
increase in salinity. Figure also shows a very large seasonal variability. This 
variability is easily attributed to rainfall. High rainfall in the winters caused more 
runoff to feed the channels in turn lowering the salinity. In the summer there is 
much less rainfall and the channel waters are more groundwater fed, which has a 
higher conductivity (salinity). 
 
 This comparison between channel and surface water conductivity was also 
recorded visually in the summer of 2011 in Figure 28. The photo in Figure 28 was taken 
right next to the channel sample site CS5. It shows water trickling in directly from the 
ground to the channel. This photo confirms the hypothesis that groundwater feeds the 
channels which is reiterated in the similar conductivity values for both channel water and 
groundwater.  
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Figure 28. Groundwater trickling directly into one of the cut channels near CS5. 
Salinity was high in CS5 as well as the nearest piezometer P6.  
The second trend for comparison between groundwater and channel water is 
dissolved oxygen (DO). Dissolved oxygen shows the same spatial trends between 
groundwater and surface water. Lower DO values are found at the north side of the marsh 
and higher DO values are found in the south side of the marsh (Figure 29). Both 
measurements were taken from winter readings in order to eliminate any seasonal bias or 
variation. Dissolved oxygen values between channel water and groundwater do vary 
substantially, but it is important to keep in mind that the piezometer DO values were 
more qualitative than quantitative and the purpose is to relate trends in the two water 
sources.  
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Figure 29. Spatial trends for pH and DO shown in both groundwater measurements 
and channel water measurements. Only winter measurements were used for this 
figure. Both pH and DO are lower in the north side than the south side for both 
groundwater and channel water. 
 
 The spatial trends for pH are also similar when comparing groundwater to surface 
water. Values for pH are higher in the north side of the marsh than the south side for both 
groundwater and channel water (Figure 29). Again, these pH values were only taken from 
winter sampling runs for both sources. Not shown in Figure 28 is the temporal trend for 
pH. From winter to summer pH increases by about 2.0 in the groundwater and by about 
0.50 for channel water.  
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 The spatial trend for dissolved oxygen can also be visually confirmed near 
channel sample site CS1. Figure 30 shows groundwater coming out of the slope near 
CS1, which is also near the dune uplands. The figure shows a lot of red iron reduction. 
The iron reduction in the dune aquifer may somewhat explain the depressed DO values in 
this groundwater source and lower redox values (not as clear as low DO).  
 
Figure 30. Surface water on the marsh flowing directly from the groundwater 
coming off the dune uplands. The water shows a lot of iron reduction (red) which 
may account for the depressed DO and lower redox values.  
These groundwater and surface water trends suggest multiple sources of water on 
the marsh, varying from the north to south. A groundwater contour map created using 
piezometer water elevations for fall 2005 displays groundwater movement from these 
two directions (Figure 31). 
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Figure 31. Groundwater contour map showing relative groundwater movement. 
Groundwater elevations suggest water moves from the northwest to the southwest 
and to the northwest near the Coquille on the southeast corner of the marsh. 3 m 
groundwater elevation would be supratidal, 2 m elevation would be mean high 
water, 1 m would be mean tide level, and a 0 m contour would represent NAVD 88 
(-1 m MTL). Groundwater elevations taken in the fall of 2005.  
Figure 31 demonstrates the two predominant directions of groundwater flow that can 
explain the chemical differences in surface water and groundwater. The groundwater 
flows from the Coquille River in the southeast accounting for increased salinity values in 
areas near the estuary. Groundwater elevations are highest near the northwest corner 
showing the predominant source coming from the dune uplands in the north which are 
low in dissolved oxygen and low pH. Additionally, the cut channels in the marsh 
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intercept the groundwater surface accounting for the similarity in trends between channel 
water and groundwater.   
Based on these observations groundwater appears to be the major source for channel 
water. Additional detailed research may be needed. This could be verified by the installation of 
additional piezometer wells adjacent to the constructed channel banks (original piezometer data 
collected before channels were cut) and monitoring of the relative groundwater heights in the 
wells and the channels on a seasonal basis (Baxter et. al., 2003). The resulting gradient in 
groundwater height could indicate that the aquifer is recharging the channel or vice versa. Tracer 
studies may also be useful in confirming whether the groundwater is indeed feeding the channels 
(Stonestrom and Constantz, 2003).  
   
TWO-PART AQUIFER SYSTEM 
 
 A very important factor in understanding the dynamics of the channel water in the 
Ni-les’tun Unit is to understand the groundwater and how the stratigraphy of the marsh 
may have an effect. Based on the core lithologies (Figures 16 and 22) and the Geoprobe 
sample lab results (Table 4) there is clearly a fine grained upper unit composed of silts 
and mud and increasing grain size with depth (sands up to gravels). This type of 
stratigraphy would suggest there is a two part system on the marsh. These two units have 
vastly different permeability values. The lab-measured hydraulic conductivity values for 
the top 1-2 meters of core mostly fell within 0.002 to 0.01 cm/hr where values measure in 
depths from 2 to 7 meters ranged from 1.34 up to 141.5 cm/hr. Clearly, horizontal 
groundwater flow will be largely prohibited in the upper 2 meters.  
  
68 
 
 This hydrostratigraphy has a few implications. The first would be that 
groundwater would not be recharged at a high rate from surface water percolation. Most 
of the surficial water would drain into the channels and off the marsh before reaching the 
groundwater. The second is that there is a large groundwater throughflow underneath the 
marsh. Therefore, groundwater under the marsh is likely recharged from the higher 
elevations to the north side of the marsh.  
 Figures 32, 33, and 34 are cross sections taken across the marsh that show this 
hydrostratigraphy. Two cross sections were taken E-W and the third is oriented N-S. All 
three cross sections show a fine grained upper unit of muds (silts and clays) on top of a 
coarser grained lower unit composed of sands with some interspersed gravels and muds. 
In order to infer the movement of water through each of these units it is important to refer 
to Table 4 to note the relative porosities and permeability of the different units and how 
they change with depth.  
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Figure 32. A to A' cross section taken east west in the middle of the marsh. Cross 
section shows muds and fine grained material in the top 1-2 meters coarsening down 
to fine sand, sand, and muddy sand. 
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Figure 33. B to B' cross section taken north to south on the western half of the 
marsh. Cross section shows fine grained materials overlaying coarse grains. The 
deeper sediment to the north is a mix of sand and gravel going down to coarse sands 
at depth in the southern side of the marsh. 
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Figure 34. C to C' cross section taken from the west to east in the north side of the 
marsh. Northern side shows fine grained muds in the upper 1-2 meters. Northern 
side of the marsh shows the most gravel at depth. Geoprobe hole 8 shows a 6 meter 
thick packet of a sand/gravel mix from about 1 meter depth to about 7 meters. 
 
The fine grained upper sedimentary unit is around 0.5 to 1.5 meters thick on 
average (Figures 16, 22, and 32-34, and gouge core data in Appendix 2b). This upper unit 
is mostly composed of silts, clays, and other muds. Below it is the much more permeable 
sand or muddy sand. The depth of the channels and where they intersect the aquifer will 
have implications on channel water chemistry based on spatial and temporal trends in 
groundwater. Assuming that all channels were cut to depths above 1-1.5 meters, the 
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channels will intersect the lower more permeable unit allowing for a large groundwater 
input into the channels.  
The following two tables show the spatial and temporal trends in water quality 
parameters in both ground and surface water (Tables 10 and 11). The first thing to note is 
the change in DO for the channel sites from summer to winter. There is a net increase for 
the channel water DO. This can be attributed to increased rainwater and surface runoff, 
diluting the effect of the groundwater input to channel waters. Data is insufficient for DO 
trends in piezometers.  
Table 10. Averaged seasonal water quality parameters in representative north and 
south groundwater monitoring wells (piezometers). Some of the numbers could not 
be averaged as they were reported as qualitative.  
          
Summer 05,06 
Salinity 
(ppt) 
Temp (°C) pH DO (mg/L) 
North P8,P3 2.9 15.0 4.2 NM 
South P5,P6 12.4 11.4 7.5 NM 
Winter 05,06 
Salinity 
(ppt) 
Temp (°C) pH DO (mg/L) 
North P8,P3 (<1, 2.9) 9.2 3.8 (>1, 0.7) 
South P5,P6 9.3 12.6 5.3 (>1,>1) 
 
Table 11. Averaged seasonal water quality parameters in north and south channel 
sampling sites. 
          
Summer 2011 Cond (μS/cm) Temp (°C) pH DO (mg/L) 
North CS1,CS1B 2120.1 17.5 6.8 3.7 
South CS3,CS5 29613.4 19.9 6.5 6.0 
Winter 2012 Cond (μS/cm) Temp (°C) pH DO (mg/L) 
North CS1,CS1B  759.4 6.2 5.7 5.3 
South CS3,CS5 2783.1 7.9 5.8 6.9 
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There is a decrease in salinity/conductivity in both the channel water and groundwater in both the 
north and south sides of the marsh. At this point it is unknown whether the decrease in salinity in 
the winter in the south is due to increased precipitation or fresher water from the Coquille from 
either flooding or groundwater movement. Using salinity as a conservative tracer we can see that 
through these spatial and temporal trends there is a connection between groundwater and surface 
water.  
 The most important water quality parameter relative to juvenile fish would be DO. It is 
important to note that the north side summer values for DO in the channel water get below 4.0 
mg/L on average. This is due to the fact that the channel waters are mainly recharged by the 
groundwater coming from the north in the summer months. It is also important to note that only 
the surface (0-0.3 m depth) of the channels was sampled. The DO values may be even more 
depressed in the bottom of the channels closer to the groundwater source.  
 These results suggest that there are multiple channel and groundwater sources that will 
have temporal and spatial effects on water quality parameters. These different sources are 
summarized below.  
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Figure 35. Generalized flow model showing inputs into channel waters. Image is not 
made to scale, horizontal scale is in place to show distance between Geoprobe cores 
used for figure. Groundwater heights are taken from piezometer well height data. 
Numbers may be slightly off just intended to show groundwater gradient going from 
higher head in the north to lower head in the south. Lithology trends at depth are 
only assumed for the sake of this figure to show relative groundwater movement 
through different substrates. Channel form not to scale. 
 
 Figure 35 is a generalized 3D flow model showing the multiple sources to the 
channel water that will attribute to both spatial and temporal variations in chemistry. The 
first input is surface rainwater runoff that varies substantially from winter to summer. The 
  
75 
 
effect of this input is clearly seen in the temporal trends for both pH and conductivity 
(salinity) in the channel waters. The second input is the groundwater throughflow from 
the sandy aquifer unit. This sandy unit showed much higher hydraulic conductivity 
values than the upper muddy units allowing for a much higher flow rate of groundwater 
and thus a high input into the channels (where channels intersect this unit). The main 
source of this groundwater is coming from the north and northeast margin of the marsh 
where groundwater is flowing down into the marsh from the dune aquifer to the north of 
the marsh. The third source is a deeper source of high salinity water coming in from the 
Coquille River Estuary. This source is assumed to be deeper as high salinity water will be 
denser and will create a saline wedge underneath fresh water (Geyer and Farmer, 1989). 
This high salinity water source is seen to have an effect in the channel waters as the 
channel water is closer to the Coquille River it will have a higher conductivity (salinity) 
value (Figure 27), which is further reflected in the groundwater salinity (Figure 25). 
  Based on this figure the channel water in the north will be predominately fed by 
the low DO groundwater coming from the dune aquifer due to reduced surface runoff. 
This will depress the DO values in the channel waters, potentially stressing juvenile fish. 
Conversely, this will be counteracted in winter months with an increase in surface water 
runoff from increased precipitation.   
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Conclusions 
 
 The geohydrology of the Ni-les’tun Unit of the Band Marsh shows two 
hydrostratigraphic units. There is a highly permeable sand unit underlying a low 
permeable mud unit. This lower unit allows for high throughflow of groundwater at depth 
from two sources. The first source is the low DO and low pH groundwater coming off the 
dune aquifer to the north. The second source is the high salinity water intruding in areas 
that are close to the Coquille River estuary. These two water sources have different 
effects on both the groundwater and the channel water spatially on the marsh.  
 Both groundwater and channel water chemistry show seasonal variability. This 
variability can be attributed to large winter precipitation events that will both feed the 
deeper groundwater in the more permeable unit and the channel water through direct 
runoff from the surface due to the lower permeable upper mud layer. Precipitation also 
plays a vital role in the groundwater elevation and channel water depths.  
 Although both groundwater and channel water can vary greatly with precipitation, 
we conclude that the channel water is fed by the groundwater. This will mean that in 
periods where there is little to no rainfall, the channels will be fed solely by groundwater. 
The exceptions would be Fahy Creek, the small creek in the northeast margin, and any 
area open to tidal fluctuations. This may be cause for concern for aquatic life with regards 
to the low pH and DO values found in the north side of the marsh. If these are the sole 
source for channel waters, they will in turn lower the pH and DO of channel waters, 
making them less inhabitable.  
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Appendix 1: Sample Site Location Data 
 
Table 12. Location data for Geoprobe borehole sites. 
        
Hole # UTM – N UTM - E Elevation (NAVD 88) 
GP 1 387167 4778519 2.40 
GP 2 387594 4778096 2.21 
GP 3 387842 4778208 2.27 
GP 4 387724 4778671 2.26 
GP 5 388514 4779405 3.09 
GP 6 388533 4779370 2.11 
GP 7 388546 4779346 1.98 
GP 8 388525 4779385 2.80 
GP 9 388602 4779456 2.62 
GP 10 387850 4779156 2.32 
GP 11 387855 4779192 3.84 
GP 12 387379 4779184 2.42 
GP 13 387985 4779192 6.95 
 
Table 13. Location and elevation data for piezometer well sites. 
        
Well # UTM - N UTM - E Elevation (NAVD 88) 
PZ 1 4778910 387116 3.31 
PZ 2 4778519 387156 2.38 
PZ 3 4778981 387398 2.33 
PZ 4 4778713 387401 1.91 
PZ 5 4778097 387609 2.19 
PZ 6 4778210 387839 2.24 
PZ 7 4778656 387855 1.98 
PZ 8 4779120 387868 2.06 
PZ 9 4779180 388242 2.02 
PZ 10 4778842 388283 2.08 
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Table 14. Location data for channel sample sites. Where S is not denoted location was the same for 
all three field runs. Elevation data not available for channel sample sites. 
      
Site # UTM - N UTM - E 
CS 1 10T0387751 4779124 
CS 1B 10T387731 4779190 
CS 2 10T0387759 4778446 
CS 3 10T0387754 4778057 
CS 4 10T0387748 4778348 
CS 5 10T0387840 4778459 
CS 6 10T0388057 4778874 
CS 6.2 10T0388659 4779576 
CS 7 10T0388708 4779437 
CS 8 10T0387365 4779197 
CS 9 10T0387364 4778778 
CS 10 10T0387341 4778324 
CS 10S 10T0386976 4778229 
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Appendix 2: GPR profile data (separate Excel file) 
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Appendix 3: Geoprobe core logs (separate Excel file) 
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Appendix 4: Piezometer well logs (separate Excel file) 
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Appendix 5: Geoprobe lab sample data 
 
Table 15. Geoprobe lab results. Includes all intermediate measurements. 
Sample Ring # Dish # 
Dish mass 
(g) 
wet total (g)  
wet soil mass 
(g) 
wet density (g/cm3) 
GP1 10-60 C1 3 205.9 367.3 116.5 1.59 
GP1 210-260 C2 12 211.5 408.4 151.2 2.07 
GP1 637-702 C3 4 212.4 408 149.6 2.05 
GP2 220-270 C4 5 214.4 389.8 129 1.77 
GP2 460-510 C5 6 214.6 409.3 149.5 2.05 
GP2 630-680 C6 17 213.2 400.3 141.1 1.93 
GP3b 175-225 C1 11 211.5 390.4 134 1.83 
GP3d 545-595 C2 8 213 407.2 148.5 2.03 
GP4a 40-90 C3 7 214.8 408.4 147.6 2.02 
GP4b 183-233 C4 13 211 404.6 147.2 2.01 
GP5 50-100 C5 14 213.6 392.7 133.9 1.83 
GP5 210-260 C6 10 215.6 421.7 160.1 2.19 
GP6 152-198 C1 2 206.7 412.8 161.2 2.21 
GP7b 152-182 C2 4 212.3 402.7 144.7 1.98 
GP8 202-252 C3 12 211.4 412.4 155 2.12 
GP9 230-280 C4 7 214.8 397 135.8 1.86 
GP9 356-392 C5 17 213.1 397.6 139.3 1.91 
GP10 130-180 C6 14 213.5 423.2 163.7 2.24 
GP10 304-354 C1 6 214.5 396.1 136.7 1.87 
GP11 160-180 C2 8 213 408.1 149.4 2.04 
GP11 210-225 C3 10 215.6 399 137.4 1.88 
GP11 230-250 C4 11 211.5 405.7 147.8 2.02 
GP12B 152-202 C5 5 214.4 408.6 149 2.04 
GP12C 272-322 C6 13 210.9 438.6 181.7 2.49 
 
Sample dry total (g) 
difference (water 
loss) 
porosity 
dry bulk 
density (g/cm3) 
sed height 
(cm) 
volume 
(ml) 
GP1 10-60 327.4 39.9 54.61% 1.05 2.2 15.5 
GP1 210-260 383.2 25.2 34.49% 1.72 8.5 33.6 
GP1 637-702 377.4 30.6 41.88% 1.63 8.2 108 
GP2 220-270 349.5 40.3 55.16% 1.21 3.8 10.7 
GP2 460-510 378.5 30.8 42.16% 1.62 8.5 34.2 
GP2 630-680 372 28.3 38.73% 1.54 8.1 87 
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GP3b 175-225 346.3 44.1 60.36% 1.23 3.5 25.2 
GP3d 545-595 379 28.2 38.60% 1.65 8.3 32.8 
GP4a 40-90 373 35.4 48.45% 1.54 3.3 4.6 
GP4b 183-233 377.4 27.2 37.23% 1.64 8.5 20.1 
GP5 50-100 356 36.7 50.23% 1.33 5 0 
GP5 210-260 399.6 22.1 30.25% 1.89 8.4 13 
GP6 152-198 389.9 22.9 31.34% 1.89 8.5 9.7 
GP7b 152-182 381.2 21.5 29.43% 1.69 8.2 14.1 
GP8 202-252 389 23.4 32.03% 1.80 8 22 
GP9 230-280 355.6 41.4 56.66% 1.29 3.4 104.2 
GP9 356-392 363.6 34 46.54% 1.44 8.6 6.9 
GP10 130-180 401.2 22 30.11% 1.94 8.5 21.3 
GP10 304-354 357.8 38.3 52.42% 1.35 6 0 
GP11 160-180 382.3 25.8 35.31% 1.69 9 19.1 
GP11 210-225 364.5 34.5 47.22% 1.41 3 35.1 
GP11 230-250 377 28.7 39.28% 1.63 8.5 49.8 
GP12B 152-202 370.5 38.1 52.15% 1.52 4.5 130 
GP12C 272-322 414.2 24.4 33.40% 2.15 3.8 0 
 
Sample time (s) dh (cm) Q (cm/sec) I A K (cm/sec) K (cm/hr) 
GP1 10-60 91800 36.5 0.000169 16.591 9.0792 1.12E-06 0.0040 
GP1 210-260 150 36.5 0.224 4.294 9.0792 0.005745 20.6837 
GP1 637-702 68 36.5 1.588235 4.451 9.0792 0.0393 141.4786 
GP2 220-270 73800 36.5 0.000145 9.605 9.0792 1.66E-06 0.0060 
GP2 460-510 120 36.5 0.285 4.294 9.0792 0.00731 26.3164 
GP2 630-680 70 36.5 1.242857 4.506 9.0792 0.030378 109.3625 
GP3b 175-225 80400 36.5 0.000313 10.429 9.0792 3.31E-06 0.0119 
GP3d 545-595 120 36.5 0.273333 4.398 9.0792 0.006846 24.6452 
GP4a 40-90 73800 36.5 6.23E-05 11.061 9.0792 6.21E-07 0.0022 
GP4b 183-233 360 36.5 0.055833 4.294 9.0792 0.001432 5.1555 
GP5 50-100 172000 36.5 0 7.300 9.0792 0 0.0000 
GP5 210-260 130 36.5 0.1 4.345 9.0792 0.002535 9.1252 
GP6 152-198 240 36.5 0.040417 4.294 9.0792 0.001037 3.7320 
GP7b 152-182 360 36.5 0.039167 4.451 9.0792 0.000969 3.4889 
GP8 202-252 120 36.5 0.183333 4.563 9.0792 0.004426 15.9329 
GP9 230-280 90000 36.5 0.001158 10.735 9.0792 1.19E-05 0.0428 
GP9 356-392 480 36.5 0.014375 4.244 9.0792 0.000373 1.3430 
GP10 130-180 760 36.5 0.028026 4.294 9.0792 0.000719 2.5879 
GP10 304-354 81000 36.5 0 6.083 9.0792 0 0.0000 
GP11 160-180 420 36.5 0.045476 4.056 9.0792 0.001235 4.4462 
GP11 210-225 86400 36.5 0.000406 12.167 9.0792 3.68E-06 0.0132 
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GP11 230-250 90 36.5 0.553333 4.294 9.0792 0.014193 51.0938 
GP12B 152-202 74820 36.5 0.001738 8.111 9.0792 2.36E-05 0.0849 
GP12C 272-322 74200 36.5 0 9.605 9.0792 0 0.0000 
 
Sample Initial mass (g) 10 20 40 100 140 
GP1 10-60 80.7 0 6.2 8.8 15.8 3.6 
GP1 210-260 110.8 0 0.2 0.9 95.9 7 
GP1 637-702 115.5 0 0 0.5 111.8 1.8 
GP2 220-270 62.5 0 1 1.7 14.7 7.8 
GP2 460-510 98.6 0.6 1 1.7 77.6 12.8 
GP2 630-680 93.4 0.1 0.5 8.5 80.4 2.5 
GP3b 175-225 81.9 0 0.7 1.2 7.6 8.7 
GP3d 545-595 90.3 1.4 4 5.9 72.5 3.8 
GP4a 40-90 60.2 0 0.1 0.3 7.1 6.6 
GP4b 183-233 118.8 0 0.2 0.2 102.9 7.6 
GP5 50-100 98.8 0.1 2.6 14 49.9 5.7 
GP5 210-260 132.3 49.1 4.2 14.1 56.2 3.8 
GP6 152-198 241.7 85.4 13.6 59.4 73.1 4.1 
GP7b 152-182 219.5 90.8 24.1 32.1 57 5.6 
GP8 202-252 123.2 32.8 10 24.8 47.8 3 
GP9 230-280 115.6 7.7 5.5 7.5 37.4 9.3 
GP9 356-392 102.7 0.7 0.8 2.7 69.6 11.7 
GP10 130-180 204.6 113.8 20.4 33.6 24.5 3.3 
GP10 304-354 100.9 0.1 0.1 0.5 2.9 1.5 
GP11 160-180 102.7 0.6 0.5 0.7 85.3 6.4 
GP11 210-225 96.8 0.3 0.8 3 29.2 8.4 
GP11 230-250 103.5 0.8 0.6 0.5 91.3 7.4 
GP12B 152-202 78 0 0.1 0.4 10.8 12.7 
GP12C 272-322 279.8 167.1 19.2 28 26.7 6.8 
 
Sample 200 230 silt/clay pan total 
GP1 10-60 4.4 56.1 24.6 17.1 80.5 
GP1 210-260 2.3 N/A N/A 4.1 110.4 
GP1 637-702 0.5 N/A N/A 0.8 115.4 
GP2 220-270 7.3 41.7 20.8 9.1 62.4 
GP2 460-510 2.3 N/A N/A 2.6 98.6 
GP2 630-680 0.6 N/A N/A 0.8 93.4 
GP3b 175-225 13.7 58.2 23.7 26 81.6 
GP3d 545-595 1 N/A N/A 1.7 90.3 
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GP4a 40-90 11.2 36.3 23.9 11 60.2 
GP4b 183-233 3 N/A N/A 4.6 118.5 
GP5 50-100 5.3 82.2 16.6 4.3 98.5 
GP5 210-260 1.6 N/A N/A 3.1 132.1 
GP6 152-198 1.9 N/A N/A 4 241.5 
GP7b 152-182 2.7 N/A N/A 6.8 219.1 
GP8 202-252 1.6 N/A N/A 3.1 123.1 
GP9 230-280 12.3 98.9 16.7 19 115.4 
GP9 356-392 6.5 N/A N/A 10.5 102.5 
GP10 130-180 2.7 199.3 5.3 1.8 205.4 
GP10 304-354 1.8 9.8 91.1 2.9 100.9 
GP11 160-180 3.8 N/A N/A 5.1 102.4 
GP11 210-225 9 61.7 35.1 10.6 96.4 
GP11 230-250 1.3 1.6 
  
103.5 
GP12B 152-202 9.2 41 37 7.8 78 
GP12C 272-322 5.7 257.8 22 4.1 279.6 
 
Sample gravel sand mud 
GP1 10-60 0.00% 48.20% 51.80% 
GP1 210-260 0.00% 96.29% 3.71% 
GP1 637-702 0.00% 99.31% 0.69% 
GP2 220-270 0.00% 52.08% 47.92% 
GP2 460-510 0.61% 96.75% 2.64% 
GP2 630-680 0.11% 99.04% 0.86% 
GP3b 175-225 0.00% 39.09% 60.91% 
GP3d 545-595 1.55% 96.57% 1.88% 
GP4a 40-90 0.00% 42.03% 57.97% 
GP4b 183-233 0.00% 96.12% 3.88% 
GP5 50-100 0.10% 78.68% 21.22% 
GP5 210-260 37.17% 60.48% 2.35% 
GP6 152-198 35.36% 62.98% 1.66% 
GP7b 152-182 41.44% 55.45% 3.10% 
GP8 202-252 26.65% 70.84% 2.52% 
GP9 230-280 6.67% 62.39% 30.94% 
GP9 356-392 0.68% 89.07% 10.24% 
GP10 130-180 55.40% 41.14% 3.46% 
GP10 304-354 0.10% 6.74% 93.16% 
GP11 160-180 0.59% 94.43% 4.98% 
GP11 210-225 0.31% 52.28% 47.41% 
GP11 230-250 0.77% 97.68% 0.00% 
GP12B 152-202 0.00% 42.56% 57.44% 
GP12C 272-322 59.76% 30.90% 9.33% 
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Appendix 6: Monthly piezometer water height data 
 
 
Table 16. Piezometer well height data. Data is measured from top of well to meniscus. This table is 
not converted to NAVD88. An "*" means the well was surrounded by ponded water. 
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Appendix 7: Channel water hydrogeochemistry data (separate Excel file) 
